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The amount of multimedia content available via the Internet, and the number of for-
mats in which it is encoded, stored and delivered continues to grow rapidly. So too
the number and diversity of the devices and software applications which produce,
process and consume such content. This constantly changing landscape presents an
increasing challenge to interoperability, since more and more software and hardware
must be upgraded as new formats are developed. However, many of the operations
performed on multimedia content are similar across coding formats. In recognising
this, this thesis proposes several approaches to format-independent media processing,
with an emphasis on content delivery. This considerably simplifies interoperability,
since support for a new content format may be provided by disseminating a data file,
rather than requiring application and device providers to extend and modify their
software and hardware.
A fundamental requirement for format-independence is the ability to describe the
structure of any given format in a way that exposes how it may be fragmented for
delivery or processing, and how other data important to the processing (for instance
temporal or scalability parameters) can be extracted from the binary data. Several
iii
Abstract iv
meta-syntax languages are evaluated that (to greater or lesser degree) perform this
function. Of these, the most suitable for general use in format-independent proces-
sors is found to be MPEG-21’s Bitstream Syntax Description Language (BSDL). Its
general suitability notwithstanding, BSDL exhibits several critical flaws when used
to describe and process modern content formats. In response, this thesis proposes
several new features for the language which significantly reduce processing complex-
ity, and provide extensibility for complex data types. These features are implemented
and validated using bitstreams of real-world length, which enable a linear response of
approximately 10 times the speed of playback (on the particular test machine used),
for videos up to one hour in duration.
Digital media increasingly encompasses a wide range of metadata, as well as col-
lections of related content (a DVD and it’s “special features”, for instance). Several
recent standards address generic virtual containers for such rich content. While these
standards—which include MPEG-21 and TVAnytime—provide numerous tools for
interacting with rich media objects, they do not provide a framework for streaming or
delivery of such data. This thesis presents the Bitstream Binding Language (BBL),
a format-independent tool that describes how multimedia content and metadata may
be bound into delivery formats. Using a BBL description, a generic processor can
map rich content (an MPEG-21 Digital Item, for example) into a streaming or static
delivery format. BBL provides a universal syntax for fragmentation and packetisa-
tion of both XML and binary data, and allows new content and metadata formats to
be delivered without requiring the addition of new software to the delivery infras-
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tructure. The BBL framework is validated and tested against a number of application
scenarios including a format-independent streaming server, generic metadata syntax
translation, virtual container assembly, and a format-independent hinter.
Finally, it is observed that much of the semantic metadata that is generated to describe
multimedia content could also be used to improve the decisions that must be made
in order to transmit it effectively. Indeed, methods have been proposed for using
specific semantic concepts in the delivery process. However, until now, no high-level
system has been proposed that is able to take arbitrary semantic metadata, and utilise
it in the multimedia delivery decision-making process. This thesis proposes such a
system. It combines the aforementioned semantic concepts with other existing work
in Rate-Distortion Optimisation for multimedia delivery, scalable content formats,
and syntax description, and then develops a generalised framework to permit an ar-
bitrary range of semantic metadata and optimisation techniques to be utilised. This
objective is accomplished by utilising schema languages to describe the details of
any given content or metadata, so that declarative mapping rules can be specified
for translating from format-specific data points to format-independent concepts that
are directly used by the framework. This translation can then be performed using
software or hardware that knows nothing about the specific format it is processing.
This thesis describes a particular embodiment of the semantic-aware multimedia de-
livery system which was implemented in order to verify its key assertions. It presents
the results of subjective testing that was performed on several short news clips en-
coded using H.264/SVC scalable video coding, and Scalable-To-Lossless (SLS) au-
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dio coding. Each clip was adapted to four target bitrates, using both of two methods:
(a) using the semantic-aware system to devote a greater proportion of the available
bandwidth to that part of the content (audio or video) that was conveying more
of the semantics at any given time; and
(b) at a constant bit-rate with the same average rate as clip (a).
Test participants were shown each pair of clips (a and b) in a random order and were
asked to evaluate which was more successful at conveying the meaning of the story.
The result of this subjective testing was a 72% preference for those clips which had
been adapted so as to devote more bandwidth to the semantically-important parts of
the content.
Contents
1 Building Babel: Constructing a framework to remove language-dependence
from multimedia communication 1
1.1 A different frame of reference for multimedia technology . . . . . . 3
1.2 Many layers of abstraction . . . . . . . . . . . . . . . . . . . . . . 6
1.3 Describing the structure of each abstraction . . . . . . . . . . . . . 8
1.4 Implications of the model . . . . . . . . . . . . . . . . . . . . . . . 9
1.4.1 Surveying the site . . . . . . . . . . . . . . . . . . . . . . . 10
1.4.2 Laying the foundations . . . . . . . . . . . . . . . . . . . . 10
1.4.3 Babel’s formwork . . . . . . . . . . . . . . . . . . . . . . . 10
1.4.4 Erecting the tower . . . . . . . . . . . . . . . . . . . . . . 11
1.4.5 What are you trying to say? . . . . . . . . . . . . . . . . . 12
1.4.6 Scattered to the winds . . . . . . . . . . . . . . . . . . . . 12
1.4.7 Tearing it all down again . . . . . . . . . . . . . . . . . . . 12
1.5 Summary of contributions in this work . . . . . . . . . . . . . . . . 13
1.6 Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.6.1 Journal Articles . . . . . . . . . . . . . . . . . . . . . . . . 16
1.6.2 Conference Papers . . . . . . . . . . . . . . . . . . . . . . 16
1.6.3 MPEG Standards . . . . . . . . . . . . . . . . . . . . . . . 18
1.6.4 Patents . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
vii
Patents viii
2 Surveying the site: A review of the literature 19
2.1 Syntactic Metalanguages . . . . . . . . . . . . . . . . . . . . . . . 20
2.1.1 Bitstream Syntax Description Language . . . . . . . . . . . 23
2.1.2 Flavor/XFlavor . . . . . . . . . . . . . . . . . . . . . . . . 25
2.1.3 BFlavor . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.1.4 Comparison between BSDL and XFlavor . . . . . . . . . . 26
2.2 Media and Metadata Fragmentation . . . . . . . . . . . . . . . . . 28
2.2.1 Extensible Stylesheet Language Transformations . . . . . . 28
2.2.2 XML Path Language . . . . . . . . . . . . . . . . . . . . . 29
2.3 Format-independent Media Delivery . . . . . . . . . . . . . . . . . 30
2.3.1 Streaming Server Architectures . . . . . . . . . . . . . . . 31
2.3.2 Metadata Streaming . . . . . . . . . . . . . . . . . . . . . 35
2.3.3 Content and Metadata packages . . . . . . . . . . . . . . . 39
2.3.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.4 Scalable Content and Semantics . . . . . . . . . . . . . . . . . . . 44
2.4.1 Scalable Content Formats . . . . . . . . . . . . . . . . . . 45
2.4.2 Content Adaptation . . . . . . . . . . . . . . . . . . . . . . 47
2.4.3 Rate-Distortion Optimised Packet Scheduling . . . . . . . . 53
2.4.4 Adaptive Delivery using Semantics . . . . . . . . . . . . . 55
2.4.5 Ontology-based Metadata . . . . . . . . . . . . . . . . . . 57
2.4.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
2.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
3 Laying the foundations: A universal metasyntax for multimedia 63
3.1 A brief tutorial on BSDL . . . . . . . . . . . . . . . . . . . . . . . 67
3.2 An analysis of BSDL with recent coding formats . . . . . . . . . . 72
Patents ix
3.2.1 Entropy-coded header fields . . . . . . . . . . . . . . . . . 72
3.2.2 Parameter Sets . . . . . . . . . . . . . . . . . . . . . . . . 74
3.2.3 Dynamic length bit-fields . . . . . . . . . . . . . . . . . . . 79
3.3 Extensions to BSDL to allow its use with recent content formats . . 81
3.3.1 ECMAScript implementation of extension datatypes . . . . 81
3.3.2 XPath Variable declarations . . . . . . . . . . . . . . . . . 86
3.3.3 Dynamic bit-length simple types . . . . . . . . . . . . . . . 88
3.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
3.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
4 Babel’s formwork: Format-independent streaming and delivery 95
4.1 Developing A Framework For Format-Independent Multimedia De-
livery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
4.1.1 Application Scenarios . . . . . . . . . . . . . . . . . . . . 98
4.1.2 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.1.3 A model for generic delivery of rich media content . . . . . 103
4.2 Implementing The Model: The Bitstream Binding Language . . . . 107
4.2.1 BBL Server Architecture . . . . . . . . . . . . . . . . . . . 112
4.2.2 Configuration . . . . . . . . . . . . . . . . . . . . . . . . . 114
4.2.3 Binary Abstraction . . . . . . . . . . . . . . . . . . . . . . 116
4.2.4 Fragmentation . . . . . . . . . . . . . . . . . . . . . . . . 117
4.2.5 Packetisation . . . . . . . . . . . . . . . . . . . . . . . . . 118
4.2.6 Post Processing . . . . . . . . . . . . . . . . . . . . . . . . 120
4.2.7 Output Mapping . . . . . . . . . . . . . . . . . . . . . . . 120
4.3 Evaluating The Bitstream Binding Language . . . . . . . . . . . . . 120
4.3.1 Pre-processing of content . . . . . . . . . . . . . . . . . . . 122
Patents x
4.3.2 Pre-compilation of BBL Instructions . . . . . . . . . . . . . 123
4.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
5 Erecting the tower: Applications for format-independent streaming and
delivery 127
5.1 A format-independent streaming server . . . . . . . . . . . . . . . 127
5.1.1 A model for format-independent streaming . . . . . . . . . 129
5.1.2 BBL For H.264/AVC over RTP . . . . . . . . . . . . . . . 132
5.1.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
5.2 Generic multimedia syntax translation . . . . . . . . . . . . . . . . 136
5.2.1 An example generic syntax translation . . . . . . . . . . . . 138
5.3 Virtual container assembly . . . . . . . . . . . . . . . . . . . . . . 144
5.3.1 ISO/Quicktime File Output Handler . . . . . . . . . . . . . 145
5.3.2 Example—Scalable Generic Streaming of H.264/AVC over
RTP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
6 What are you trying to say?: Format-independent semantic-aware
streaming and delivery 153
6.1 Semantics in the delivery process . . . . . . . . . . . . . . . . . . . 155
6.2 Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
6.2.1 Format-independence . . . . . . . . . . . . . . . . . . . . . 158
6.2.2 Semantic-independence . . . . . . . . . . . . . . . . . . . 159
6.2.3 Multiple optimisation algorithms . . . . . . . . . . . . . . . 160
6.2.4 Segmentation and association . . . . . . . . . . . . . . . . 160
6.3 A framework for format-independent semantic-aware multimedia de-
livery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
6.3.1 Delivery Node . . . . . . . . . . . . . . . . . . . . . . . . 162
Patents xi
6.3.2 Semantic R-D hinter . . . . . . . . . . . . . . . . . . . . . 165
6.3.3 An Ontology for Semantic Distortion . . . . . . . . . . . . 180
6.3.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
6.4 Subjective Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
6.4.1 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . 190
6.4.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
6.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
7 Scattered to the winds: Conclusions and Future work 201
7.1 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
Bibliography 211
A Tearing it all down again: Toward format-independent decoding A–1
A.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A–4
A.2 Usage scenarios for reconfigurable coding . . . . . . . . . . . . . . A–5
A.3 An RMC bitstream . . . . . . . . . . . . . . . . . . . . . . . . . . A–7
A.4 The CAL Actor Language . . . . . . . . . . . . . . . . . . . . . . A–8
A.4.1 Dataflow oriented processing . . . . . . . . . . . . . . . . . A–9
A.4.2 Hierarchical modular design . . . . . . . . . . . . . . . . . A–11
A.4.3 Communication protocols . . . . . . . . . . . . . . . . . . A–11
A.4.4 Nondeterministic scheduling and explicit parallelism . . . . A–12
A.4.5 Summary: CAL . . . . . . . . . . . . . . . . . . . . . . . . A–12
A.5 The Reconfigurable Media Coding framework . . . . . . . . . . . . A–13
A.5.1 Decoder Description Language . . . . . . . . . . . . . . . . A–14
A.6 Bitstream Syntax Description . . . . . . . . . . . . . . . . . . . . . A–15
A.7 Parser Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . A–20
Patents xii
A.7.1 Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . . A–21
A.7.2 Finite State Machine . . . . . . . . . . . . . . . . . . . . . A–22
A.7.3 Field bit-length . . . . . . . . . . . . . . . . . . . . . . . . A–30
A.7.4 CAL Templates . . . . . . . . . . . . . . . . . . . . . . . . A–32
A.8 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A–33
A.8.1 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . A–34
B Data tables for BSDL B–1
C Bitstream Binding Language Specification C–1
D Bitstream Binding Language XML Schema D–1
E Listings for multi-channel rich media delivery E–1
F Listings for generic syntax translation F–1
G Listings for virtual container assembly G–1
H Listings for H.264/AVC Streaming and delivery H–1
I Listings for Intelligent Media Delivery I–1
J Listings for Reconfigurable Media Coding J–1
Statement of Originality
This is to certify that the work described in this thesis is entirely my own, except
where due reference is made in the text.
No work in this thesis has been submitted for a degree to any other university or
institution.
Signed
Joseph Alfred Ian Thomas-Kerr




I am indebted to many people, without whom this thesis would not be. To them I
offer my heartfelt gratitude.
Firstly, to my Creator, the source of all creativity and inspiration, and my closest
companion.
To my wife, Michelle, my lover, best friend, confidant, and editor.
To my supervisors, Ian Burnett and Christian Ritz, whose guidance and reassurance
were indispensable.
Campbell Thomas, my father-in-law, for the affirmation which helped me persevere
through trying circumstances.




1.1 The diversity and complexity of multimedia delivery has grown ex-
ponentially . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 There are many levels of abstraction for a single piece of content . . 5
2.1 Syntactic Metalanguages . . . . . . . . . . . . . . . . . . . . . . . 20
2.2 These examples show a small part of the MPEG-4 Video syntax in
several of the numerous syntax description metalanguages. . . . . . 23
2.3 Media and Metadata Fragmentation . . . . . . . . . . . . . . . . . 28
2.4 Format-independent Media Delivery . . . . . . . . . . . . . . . . . 30
2.5 Monolithic Streaming Server . . . . . . . . . . . . . . . . . . . . . 31
2.6 Hinted Streaming Server . . . . . . . . . . . . . . . . . . . . . . . 33
2.7 gBSD-Based streaming server . . . . . . . . . . . . . . . . . . . . 34
2.8 Metadata Streaming . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.9 Annodex media format [67] . . . . . . . . . . . . . . . . . . . . . . 38
2.10 Content/Metadata packages . . . . . . . . . . . . . . . . . . . . . . 39
2.11 Fundamental boxes in an ISO/Quicktime file . . . . . . . . . . . . . 40
2.12 A Music Player Multimedia Application Format combines technolo-
gies from MPEG-1, -4, -7, -21 and JPEG to provide an augmented
music container . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
2.13 Scalable Content Formats . . . . . . . . . . . . . . . . . . . . . . . 44
2.14 Content Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . 47
xvii
LIST OF FIGURES xviii
2.15 Dynamic Adaptation using MPEG-21 (adapted from [94]) . . . . . 51
2.16 Bandwidth-efficient Dynamic Adaptation using MPEG-21 (adapted
from [94]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
2.17 Rate-Distortion Optimised Packet Scheduling . . . . . . . . . . . . 53
2.18 Adaptive Delivery using Semantics . . . . . . . . . . . . . . . . . . 56
2.19 Freeing multimedia from hard-coded formats across the delivery chain 60
3.1 The Bitstream Syntax Description Language is finding use at multi-
ple points in the multimedia delivery chain . . . . . . . . . . . . . . 65
3.2 A H.264/AVC bitstream contains numerous long-term references . . 75
3.3 BSDL Schemata and test results demonstrating quadratic-time per-
formance of the SPS dereference operation. . . . . . . . . . . . . . 78
3.4 Average Processing Time to generate a BSDL description of H.264/
AVC bitstreams of varying length, by proposed modification . . . . 90
3.5 Average Processing Time to generate a BSDL description of H.264/
AVC bitstreams of varying length, all modifications . . . . . . . . . 92
4.1 There is a many-to-many relationship between the formats in which
content is available and the channels across which users wish to con-
sume them . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.2 MPEG Multimedia Application Formats are one example where generic
syntax translation can be used to enhance interoperability . . . . . . 100
4.3 A binding language could be used to assemble virtual containers . . 101
4.4 A model for multimedia content delivery . . . . . . . . . . . . . . . 104
4.5 The System architecture of the prototype BBL server . . . . . . . . 112
5.1 BBL-based streaming server . . . . . . . . . . . . . . . . . . . . . 129
5.2 A model of multimedia streaming . . . . . . . . . . . . . . . . . . 130
5.3 CPU and Memory utilisation for prototype BBL processor with H.264/
AVC over RTP . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
5.4 BBL lets users consume content in a format their device can understand137
LIST OF FIGURES xix
5.5 Files involved in translating MAF files to MP3/ID3 v2 . . . . . . . 138
5.6 Fundamental boxes in an ISO/Quicktime file . . . . . . . . . . . . . 146
5.7 Static and global characteristics are specified by a global parameter
set. Parameters specific to a packet of media data are specified with
that packet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
5.8 The structure of the ISO/Quicktime file handler global parameters . 148
5.9 The packet-level parameters used by the ISO/Quicktime File handler 149
6.1 A framework for semantic-aware multimedia delivery . . . . . . . . 155
6.2 Coupling multimedia semantics and a delivery optimisation process
requires numerous disparate technologies . . . . . . . . . . . . . . 155
6.3 News reports have a regular structure . . . . . . . . . . . . . . . . . 158
6.4 An architecture for Mulimedia Delivery that incorporates content se-
mantics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
6.5 A delivery node uses content hints to perform R-D optimisation . . 162
6.6 The semantic hinter computes R-D metadata based on content syntax
and semantics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
6.7 A binary schema can be used to expose the structure and data in a
binary bitstream as OWL/RDF . . . . . . . . . . . . . . . . . . . . 168
6.8 Mapping rules can be used to translate from format-specific struc-
tures into the format-independent metadata needed for a semantic-
aware RDO delivery framework . . . . . . . . . . . . . . . . . . . 170
6.9 An ontology for Semantic Distortion . . . . . . . . . . . . . . . . . 183
6.10 Example of the semantic annotation of an Audio-Visual Clip . . . . 184
6.11 Example instances of Semantic Distortion classes describing the Data
Units of a H.264/AVC bitstream . . . . . . . . . . . . . . . . . . . 185
6.12 Example instances of Semantic Distortion classes describing the dis-
tortion of a H.264/AVC bitstream . . . . . . . . . . . . . . . . . . . 187
6.13 The test corpus consists of four short video clips that were both
semantically-adapted and bitrate-adapted to various target rates . . . 192
LIST OF FIGURES xx
6.14 Semantic adaptation diverts more bits to the portion of the content
containing more of the meaning . . . . . . . . . . . . . . . . . . . 194
6.15 Subjective testing shows a 72% preference for Semantically-aware
multimedia delivery . . . . . . . . . . . . . . . . . . . . . . . . . . 197
7.1 The diversity and complexity of the multimedia landscape is growing
exponentially (reprised from Figure 4.1) . . . . . . . . . . . . . . . 203
A.1 A general view of an RMC bitstream . . . . . . . . . . . . . . . . . A–6
A.2 CAL blocks can be synthesised into numerous implementations . . A–8
A.3 Reconfigurable Media Coding implementation model . . . . . . . . A–13
A.4 Components of the parser generation process . . . . . . . . . . . . A–20
A.5 FSM fragment for a choice particle . . . . . . . . . . . . . . . . . . A–29
A.6 Reconfigurable Media Coding has the potential to drastically shorten
the time required to deploy new multimedia technology . . . . . . . A–34
List of Tables
3.1 BSDL-defined ECMAScript functions . . . . . . . . . . . . . . . . 85
4.1 BBL Fragmentation Rules . . . . . . . . . . . . . . . . . . . . . . 118
4.2 On-The-Fly Bbl Processing, Performance Results . . . . . . . . . . 121
5.1 CPU and Memory utilisation for prototype BBL processor with H.264/
AVC over RTP . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
A.1 Extract from MPEG-4 syntax specification . . . . . . . . . . . . . . A–17
B.1 Data table for Figure 3.4 . . . . . . . . . . . . . . . . . . . . . . . B–2
B.2 Data table for Figure 3.5 . . . . . . . . . . . . . . . . . . . . . . . B–3
I.1 Instructions given to subjective testing candidates for the experiment




3.1 A BSDL Description exposes the fields in a multimedia bitstream,
in this case a H.264/AVC video . . . . . . . . . . . . . . . . . . . 69
3.2 A BSDL Schema describes the structure common to all H.264/AVC
video bitstreams . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.3 Sequence Parameter Set dereferencing-XPath expression 1 . . . . 75
3.4 Sequence Parameter Set dereferencing-XPath expression 2 . . . . 75
3.5 Sequence Parameter Set dereferencing-XPath expression 3 . . . . 76
3.6 BSDL test schema for [last()] . . . . . . . . . . . . . . . . . . 78
3.7 BSDL test schema for preceding:: . . . . . . . . . . . . . . . . . 78
3.8 BSDL schema fragment showing union data types—excerpt from
the MPEG conformance schema for H.264/AVC [124] . . . . . . 80
3.9 BSDL Schema for the Exp. Golomb as defined by H.264 . . . . . 84
3.10 Sequence Parameter Set dereferencing after proposed amendment-
XPath expression . . . . . . . . . . . . . . . . . . . . . . . . . . 86
3.11 A variable declared for the set of SPS . . . . . . . . . . . . . . . 88
3.12 BSDL Schema fragment describing the frameNum field of an H.264/
AVC bitstream . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
4.1 BBL instructions for TV program fragmentation . . . . . . . . . . 109
4.2 BBL instructions for MPEG-2 video fragmentation . . . . . . . . 110
4.3 Part of BSDL schema for MPEG-2 system streams . . . . . . . . 111
5.1 BBL temporal model . . . . . . . . . . . . . . . . . . . . . . . . 130
5.2 BBL Instructions for streaming H.264/AVC content . . . . . . . . 133
xxiii
LIST OF LISTINGS xxiv
5.3 MAF BS Schema excerpt . . . . . . . . . . . . . . . . . . . . . . 139
5.4 MP3/ID3 v2 BSSchema excerpt . . . . . . . . . . . . . . . . . . 141
5.5 BBL Instructions for MAF to MP3/ID3 . . . . . . . . . . . . . . 143
5.6 Abbreviated BBL instructions for scalable generic streaming of
H.264/AVC on RTP . . . . . . . . . . . . . . . . . . . . . . . . . 152
6.1 Augmented BSDL test schema exposing the ancestor Data Units of
an SVC PPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
6.2 XSLT fragment annotating pps elements with ancestor metadata . 172
6.3 A SWRL mapping rule stating that a NAL Unit is an RDO Data Unit172
6.4 A not-quite-complete rule for specifying the interdependency be-
tween a PPS and the SPS it references . . . . . . . . . . . . . . . 173
6.5 A SWRL rule that specifies the Semantic Distortion of English
Communication . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
6.6 Chou’s R-D optimisation algorithm . . . . . . . . . . . . . . . . 178
6.7 A semantic rule from the test data asserting that still images have a
(relative) SD of 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . 193
A.1 Part of the BSDL Schema for MPEG-4 Video . . . . . . . . . . . A–19
A.2(a) Input schema fragment showing an include directive . . . . . . . . A–21
A.2(b) XSLT fragment showing preprocessor templates . . . . . . . . . . A–21
A.2(c) Fragment of intermediate result tree composed of base and included
schema components . . . . . . . . . . . . . . . . . . . . . . . . . A–22
A.3(a) Input schema fragment showing a complex type and sequence par-
ticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A–23
A.3(b) XSLT fragment for the linearise component . . . . . . . . . . . . A–23
A.3(c) Fragment of intermediate result tree composed of read instructions A–24
A.4(a) Intermediate result tree fragment composed of read instructions . . A–25
A.4(b) XSLT fragment showing FSM transition templates . . . . . . . . . A–25
A.4(c) Fragment of CAL output showing FSM schedule . . . . . . . . . A–26
A.5(a) Intermediate result tree fragment composed of read instructions . . A–27
LIST OF LISTINGS xxv
A.5(b) XSLT fragment showing action templates . . . . . . . . . . . . . A–27
A.5(c) Output CAL fragment showing several actions . . . . . . . . . . . A–28
A.6(a) Input schema fragment showing an element with simple type . . . A–30
A.6(b) XSLT fragment showing length constant templates . . . . . . . . A–30
A.6(c) Output CAL fragment showing length constants . . . . . . . . . . A–32
A.7(a) Intermediate result tree . . . . . . . . . . . . . . . . . . . . . . . A–32
A.7(b) XSLT fragment showing CAL templates for an FSM & transition . A–32
A.7(c) Output fragment showing FSM transition CAL statements . . . . A–33
D.1 XML Schema for the Bitstream Binding Language . . . . . . . . D–1
E.1 BS Schema for MPEG-2 system streams . . . . . . . . . . . . . . E–1
F.1 BS Schema for ID3v2 . . . . . . . . . . . . . . . . . . . . . . . . F–1
F.2 BS Schema for MPEG Multimedia Application Format . . . . . . F–3
F.3 BBL description of generic syntax translation of ID3v2 metadata
into MAF format’ . . . . . . . . . . . . . . . . . . . . . . . . . . F–13
G.1 MPEG File Format Handler Parameters . . . . . . . . . . . . . . G–1
H.1 BS Schema describing H.264/AVC . . . . . . . . . . . . . . . . H–1
H.2 BBL binding describing H.264/AVC content delivery over RTP . . H–11
H.3 BBL binding describing H.264/AVC content delivery via an ISO
file package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H–13
I.1 XML Schema for RDO metadata . . . . . . . . . . . . . . . . . . I–1
I.2 BSDL Schema for MPEG SLS Audio . . . . . . . . . . . . . . . I–2
I.3 XSLT Stylesheet to annotate SLS BSDL data with RDO metadata I–8
I.4 SWRL rules to generate Semantic Distortion based on select CYC
features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I–9
LIST OF LISTINGS xxvi
J.1 BS Schema describing MPEG-4 Visual Simple Profile . . . . . . . J–1
J.2 BS Schema describing MPEG-4 Visual Simple Profile (simple types)J–22
J.3 XSLT stylesheet for parser generation (main) . . . . . . . . . . . J–28
J.4 XSLT stylesheet for parser generation (preprocess) . . . . . . . . J–31
J.5 XSLT stylesheet for parser generation (remove redundant sequences)J–31
J.6 XSLT stylesheet for parser generation (inline complex extension-
s/restrictions) . . . . . . . . . . . . . . . . . . . . . . . . . . . . J–31
J.7 XSLT stylesheet for parser generation (add names) . . . . . . . . J–32
J.8 XSLT stylesheet for parser generation (resolve Includes/Imports) . J–33
J.9 XSLT stylesheet for parser generation (functions) . . . . . . . . . J–34
J.10 XSLT stylesheet for parser generation (globals) . . . . . . . . . . J–39
J.11 XSLT stylesheet for parser generation (length) . . . . . . . . . . . J–41
J.12 XSLT stylesheet for parser generation (linearisation) . . . . . . . J–44
J.13 XSLT stylesheet for parser generation (FSM) . . . . . . . . . . . J–52
J.14 XSLT stylesheet for parser generation (Actions) . . . . . . . . . . J–54
J.15 XSLT stylesheet for parser generation (Priorities) . . . . . . . . . J–62
J.16 XSLT stylesheet for parser generation (CAL templates) . . . . . . J–63
List of Abbreviations
3GPP 3rd Generation Partnership Project
AAC Advanced Audio Coding
ADIF Audio Data Interchange Format
ANSI American National Standards Institute
API Application Programming Interface
APIC Associated Picture
ASIC Application-Specific Integrated Circuit
ASN.1 Abstract Syntax Notation 1
AU Access Unit
AVC Advanced Video Coding
AVI Audio-Video Interchange
BBL Bitstream Binding Language
BFlavor BSDL Flavor
BintoBSD Binary to BSD
BPath Binary Path Language
BS Schema Bitstream Syntax Schema
BSD Bitstream Syntax Description
xxvii
List of Abbreviations xxviii
BSDL Bitstream Syntax Description Language
BSDtoBin BSD to Binary
CAL CAL Actor Language
CALML CAL XML Syntax
CDATA Character Data
CGS Coarse-Grained Scalability
CMML Continuous Media Markup Language
CSDF Cyclo-Static Data Flow
CSP Communicating Sequential Processes
DAB Digital Audio Broadcasting
DAML DARPA Agent Markup Language
DARPA Defense Advanced Research Projects Agency
DCT Discrete Cosine Transform
DDL Decoder Description Language
DI Digital Item
DIDL Digital Item Description Language
DMB Digital Multimedia Broadcasting
DOM Document Object Model
DRM Digital Rights Management
DVB Digital Video Broadcasting
DVD Digital Versatile Disc
EBNF Enhanced Backus Naur Form
List of Abbreviations xxix
ECMA European Computer Manufacturers Association
EXIF EXchangeable Image File format
FGS Fine-Granular Scalability
FIFO First-In First-Out
FLAVOR Formal Language for Audio Visual Object Representation
FPGA Field-Programmable Gate Array
FSM Finite State Machine
GIF Graphics Interchange Format
GNU GNU’s Not Unix
GZIP GNU Zip
HTML HyperText Markup Language
ID Identification
ID3 IDentify mp3
IDCT Inverse Discrete Cosine Transform
IETF Internet Engineering Task Force
ISO International Standards Organisation
ITU International Telecommunication Union
JPEG Joint Photographic Experts Group
JVM Java Virtual Machine
LQP Quantisation parameter from the SVC reference software
MAF Multimedia Application Format
MB Macroblock
List of Abbreviations xxx
MDR-V500 A model of stereo headphones made by Sony
MP3 MPEG Layer 3 audio format
MPEG Motion Picture Experts Group
MTU Maximum Transmission Unit
NAL Network Abstraction Layer
NALU NAL Unit
NPT Normal Playback Time
OIL Ontology Inference Layer
OWL Web Ontology Language
PCM Pulse-Coded Modulation
PES Packetised Elementary Stream
PPS Picture Parameter Set
QCIF Quarter-Common Interchange Format
QName Qualified Name
QT QuickTime
QTFF QuickTime file format
QVGA Quarter VGA
RDD Rights Data Dictionary




List of Abbreviations xxxi
RFC Request for Comment
RMC Reconfigurable Media Coding
RQP Quantisation parameter from the SVC reference software
RTP Real-time Transport Protocol
SAX Simple API for XML
SBS Special Broadcasting Service
SCR System Clock Reference
SD Semantic Distortion
SDF Synchronous Data Flow
SDP Session Description Protocol
SI Spatial Information
SLOC Source Lines of Code
SLS Scalable-to-LosslesS coding
SMPTE Society of Motion-Picture and Television Engineers
SNR Signal-to-Noise Ratio
SPS Sequence Parameter Set
SSRC Synchronization SouRCe
SVC Scalable Video Coding
SWQL Semantic Web Query Language
SWRL Semantic Web Rule Language
TI Temporal Information
TIFF Tagged Image File Format
List of Abbreviations xxxii
TS Transport Stream
UMA Universal Multimedia Access
URI Universal Resource Identifier
URL Universal Resource Locator
VC.1 Video Codec 1
VGA Video Graphics Array
VHDL VHSIC Hardware Description Language
VHSIC Very High-Speed Integrated Circuit
VLC Variable-Length Coding
VOL Video Object Layer
VOP Video Object Plane
WBXML WAP Binary XML
WAP Wireless Access Protocol
XFlavor XML FLAVOR
XML eXtensible Markup Language
XPath XML Path Language
XQuery XML Query Language
XSD XML Schema Description
XSL XML Stylesheet Language
XSLT XSL Transformations
XStream XML Stream
YCrCb Luminance-Chrominance colour space
